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dataset of socioeconomic risk factors of lethal violence. Counties with 10 or more
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2017, 472,176 occurred in 2,751 of 3,146 counties that were included in this
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lived in a single-parent household, 18.6% of teens aged 16-19 were considered
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greater than 11.5% veterans in the general population experienced a 28%
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Counties with greater than 38% of children living in single-parent households
experienced an increase of lethal violence at 1.20 times greater than counties
with less than 26% of children living in a single-parent household. Geographically
more southern and western counties in the US had statistically significant higher
rates of lethal violence.
Discussion: The rate of lethal violence has increased throughout the study
period. Increased veteran status, disconnectedness of youth, housing problems,
single-parent households, increased risk of lethal violence. Reducing lethal
violence on a community level may involve addressing the social and economic
structures of a community. Additionally, creating a community to help veterans
reintegrate or support single-parent house-holds could also reduce lethal
violence. Due to the design, this study is limited in the interpretation of results.
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CHAPTER 1
INTRODUCTION
Stream Analogy of Lethal Violence
Stream analogy of lethal violence is the theory that suicides and
homicides are “two alternative channels in a stream of lethal violence” (Unnithan
NP, 1994). This theory that homicides and suicides are related is not new,
however it has fallen out of use in recent years. Historically, scholars argued that
suicide is the expressional of homicidal thoughts towards one’s self. During this
time scholars argued that homicides and suicides were opposite sides of the
same coin. When more modern researches (1960’s and 1970’s) failed to prove
this theory in studies looking at ecological data the theory fell out of favor. The
inability to demonstrate a consistent inverse relationship of homicides and
suicides lead researchers to focus on suicides and homicides separately. This
change in the way suicides and homicides were studied left a gap in the research
and ignored fundamental forces which help explain these acts. In 1994 Unnithan
et al. proposed a new way to study both homicides and suicides, which allows
researchers to explore the relationship between both of these acts of lethal
violence. This theory was the Stream analogy of lethal violence. In stream
analogy of lethal violence homicides and suicides are separate channels of the
same stream of lethal violence. Fundamental principles of this theory are focused
on two key components (Figure 1). First is the force of production, which are the
risk factors that create the stream of lethal violence. Second is the force of
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direction, which are the risk factors that influence whether the lethal violence will
be expressed as homicides or suicides. Unnithan et al. suggests that to
determine how much “water” is in the stream of lethal violence, one must
calculate the lethal violence rate (LVR) by summing the suicide rate and
homicide rate. To further analyze the direction of the lethal violence, one must
calculate the suicide homicide ratio (SHR) by dividing the rate of suicide by the
sum of the rate of suicide and the rate of homicide.
Figure 1: Diagram of Stream Analogy of Lethal Violence

In a study using the global burden of disease from the World Health Organization
(WHO), the researchers employed the stream analogy of lethal violence on a
global scale. Rezaeian examined the suicide homicide relationship globally using
the WHO data in six geographical regions (Rezaeian, 2011). The rate of
homicides and the rate of suicides were calculated then were used to calculate
the SHR for these geographical regions for five different age groups and by
gender. This study found that the six geographical regions could be split into
three suicide homicide relationship groups. For the regions of Southeast Asia,
Europe, and Western pacific both men and women direct the lethal violence
2

inward (suicide). In the African region both men and women direct their lethal
violence outward (homicide). In the regions of the America and Eastern
Mediterranean men more often directed their lethal violence outwards while
women more often directed their lethal violence inwards. This study did not focus
on the potential risk factors of lethal violence or the forces of direction but it does
suggest that there may be some influence by the culture of the regions or other
social influences that is related to the quality of life in these regions (Rezaeian,
2011).
In a study by Wu, which tests the stream analogy of lethal violence on a macro
level Wu used regression modeling to look at the stream analogy theory using
more comprehensive cross sectional data (Wu, 2003) . This study looked at
county level data in counties with populations larger than 100,000 on the
population census of 1990. The researchers chose to use age standardized
suicide and homicide rates. They chose to put in their model examining the force
of production variables that were related to social deprivation such at the poverty
level, Gini index, which reflects income inequality in a community, teenage
mothers, unemployment rate, infant mortality rate, and percentage non-white.
Other considerations in the analysis of the forces of production were if the county
was in the south. Wu chose to include in the model for forces of direction the
variables which were considered for forces of productions but also include others
that other studies indicated could have been either a force of production or a
force of direction but due to their nature were more often considered a force of
direction. These new variables included divorce rate, professional force work,
3

college educated, segregation index, and percentage immigrants. This study’s
findings were similar to others of its nature though it has some limitations in its
design including the inclusion of only counties with populations of 100,000 or
more (Wu, 2003).
In two different studies examining the impact of the economy on stream
analogy one author studied economic depravity while the other studied economic
development. In the study on economic development the researchers showed
that increased economic development decreases the homicide rate and
increases the suicide rate (Stack et al., 2016a). In the study on economic
depravity the researchers found that those with higher economic disadvantages
were more likely to express their aggression outwards (Chon, 2013).
Culture and religion have also been shown to have a greater impact on the
forces of direction. Chon looked at the relationship of religion to the relationship
between homicides and suicides, researchers found a significant relationship
between some religions and both the lethal violence rate as well as the SHR.
Countries that are predominantly Islamic experience lower rates of overall LVR.
Countries who have high levels of heterogeneity of religion also experience
increased suicide rates (Chon, 2016). Lanier looked primarily at the American
Indian population with stream analogy as most of the other studies look more at
racial differences between whites and African Americans. This study used data
form the Indian Health Services, CDC, and the US Census Bureau. This study
found that the higher the American Indian population the more likely the act of
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lethal violence would be expressed outwardly which could be a reflection of the
loss of culture amongst these individuals (Lanier, 2010).
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CHAPTER 2
LITERATURE REVIEW
In the United States in 2016, suicide was the 10th leading cause of death
overall (Heron, 2018). For those ages10-64, suicide varies from the 2nd leading
cause of death to the 8th leading cause of death (Heron, 2018). According to the
Centers For Disease Control and Prevention (CDC) suicides have been on the
rise since 1999 (Curtin, Warner, & Hedegaard, 2016). Suicide rates have risen
24% between 1999 and 2014. This rise in suicides was seen in both men and
women ages 10-74 (Curtin et al., 2016). The most concerning rise in suicides is
among teen girls age 15-19 who’s rates doubled from 2007 to 2015 and
experienced an all-time highest rate in 2015 since data started being collected in
1975 ("QuickStats: Suicide Rates* for Teens Aged 15-19 Years, by Sex - United
States, 1975-2015," 2017). Homicides on the other hand varied from the 3rd
leading cause of death to the 5th leading cause of death among those ages 1-45,
even though the rate has been declining since the 1990’s (Cooper, 2011; Heron,
2018). In 2015, a significant increase in homicide rates was observed among
various races and ethnicities ("QuickStats: Age-Adjusted Rates for Homicides, by
Race/Ethnicity— United States, 1999–2015," 2017).
Since the late 1800s researchers have been trying to understand why a
person might die by suicide. The risk factors for suicides are well documented
through many studies. In a literature review of several studies McLean et al.
found that suicide risk factors tended to fall in overarching categories; mental
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health, substance misuse, self-harm, personality, chronic illness, a genetic
predisposition, work stressors, poverty, and personality traits (McLean J, 2008).
One of the current theories that is more commonly used to understand why a
person may die by suicide is the Interpersonal-Psychological Theory of Suicidal
Behavior (IPTSB) (Joiner, 2005). Thomas Joiner first proposed IPTSB in 2005.
IPTSB proposes that a person will not die by suicide unless they have both a
desire and ability to die by suicide (Joiner, 2005). This theory further breaks
down who desires dying by suicide as those who perceive they are a burden to
others or a sense of belonging/alienation from social groups such as family,
friends, or others in a group important to them. According to research this theory
explains the majority of the risk factors of suicide. Risk factors such as family
conflict, intimate partner problems, and unemployment could be considered as
lack of belonging or loneliness, while risk factors such as a physical health,
mental health, loss of home, and loss of job, could make one perceive they are a
burden to those around them. As for the component of the theory that requires
the ability to die by suicide risk factors such as a history of suicide attempts,
combat exposure, a family history of suicide, a level of impulsivity, a decreased
fear of death or an elevated pain tolerance would all increase the person’s ability
to die by suicide (Van Orden et al., 2010). IPTSB and previous theories have
some related components.
Emile Durkheim published the first theories about suicide in 1897.
Durkheim proposed that a person may die by suicide due to two extra-social
causes (outside of society; in this case psychological and physical environment)
7

as well as four social causes (Durkheim, 1952). The four social causes Durkheim
proposed may increase a person’s odds of dying by suicide were defined as
egotistic, altruistic, anomic, and fatalistic. According to Durkheim, individuals who
are highly integrated into a society or group and see the death as an act of duty
characterize suicides with altruistic motives. Fatalistic suicides are defined as an
individual who experiences excessive regulation or oppression. The next two
social causes align more closely with the IPTSB’s reasons why a person may
want to die. Egotistic suicides are defined as a person feeling a lack of belonging
or lack of integration into a group. Anomic suicides are defined when an
individual experiences a change in social position, Durkheim stated that when a
person experiences a change in social order either financially or through a
change in relationship, etc. that their sense of where they belong changes
(Durkheim, 1952).
Unlike suicides though there is no well-defined set of risk factors or
theories that predict when a homicide will occur or why. Risk factors for
homicides vary more based on the motivation, suspect, victim relationship and
substance misuse and major psychiatric disorders (Lysell, Runeson,
Lichtenstein, & Langstrom, 2014). Several theories that try to explain why
homicides happen discuss the impact of society and social order on the act of
homicide (Cochran & Bjerregaard, 2012; Pridemore, 2002; Lonnie M. Schaible &
Altheimer, 2016; L. M. Schaible & Hughes, 2011). In an article by Pridemore,
researchers, reviewed literature that examined the following theories, culture,
economic deprivation, and social disorganization, to try to explain why homicides
8

may happen and why they vary geographically (Pridemore, 2002). Pridemore
found that theories that looked at culture varied, as it is difficult to define culture,
studies that looked at strain theory found that there is a relationship between
poverty and homicide rates; however, the social disorganization theory does a
better job at explaining rates of homicides in a community on a spatial scale as
well as over time (Pridemore, 2002). Decreased income inequality was found to
lower the risk of homicides particularly in the youth, while increased median
household income was found to decrease risk of homicides (Jones-Webb & Wall,
2008; Pampel & Williamson, 2001). Social disorganization could also be
considered part of anomie – the lack of social order, standards, or ethical
standards. Several researchers have looked at the relationship between anomie
and crime, particularly homicide. Though anomie is hard to define when
researchers attempt to define it they do find a relationship with crime and more
specifically homicide (Cochran & Bjerregaard, 2012). Schaible and Altheimer
found that in societies with high rates of materialism and demoralization or
deinstitutionalization also had higher rates of homicides (Lonnie M. Schaible &
Altheimer, 2016). In a report of the development of homicide within individuals
Zager et al. found that people who experienced turmoil in their adolescence were
more likely develop homicidal tendencies (Zagar, Isbell, Busch, & Hughes, 2009).
Turmoil may include a breakdown in parenting, issues with school, problems
functioning in social settings and could be considered part of a breakdown in
anomie.
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CHAPTER 3
METHODOLOGY
An ecological study was conducted to examine risk factors that may
increase suicide and homicide rates in a county. The ecological design was
chosen based on the availability of the data. Zeoli et al. argues that when
studying violence outcomes to address population level risk factors that an
ecological study is an adequate design (Zeoli, Paruk, Pizarro, & Goldstick, 2019).
Furthermore since this study is only analyzing the first part of stream analogy of
lethal violence, looking at which community level risk factors increase the risk of
lethal violence in a county.
The study population included all individuals in the United States (U.S) excluding territories. The outcome of interest was the number of residents with a
cause of death code (International Classification of Diseases, Tenth Revision 10
(ICD-10): X60-Y09, Y87.1 and Y87.2). Cases were identified using death
certificate information from CDC’s Wide-Ranging Online Data for Epidemiologic
Research (WONDER). The dataset included U.S. residents grouped by county of
residence.
Suicide and homicide counts, from 2010-2017 (n=476,621 for both
suicides and homicides), were obtained using WONDER. Homicides reported as
legal interventions (n=4,155) were excluded from the study as these deaths do
not conceptually meet the category of lethal violence (Wu, 2003). Lethal violence
rates for 2010-2017 were calculated in order to: stabilize yearly fluctuations;;
10

reduce the number of counties with too small or missing values; and reduce the
influence of the unique risk factors from the Great Recession of 2007-2009.
Counts were used for all counties (including boroughs and parishes) and
independent cities (from this point forward referred to as counties) in the U.S. To
remain consistent with the available data, census areas were used in place of the
unincorporated borough of Alaska. Three boroughs/census areas in Alaska were
restructured halfway through the study and one independent city in Virginia was
incorporated into the surrounding county. These counties were excluded from the
study. County population size, used to calculate the rate of lethal violence for
each county, was taken from the 2010 Census and combined with the
subsequent year’s populations taken from the population estimates produced by
the National Center for Health Statistics (NCHS) (n= 2,539,502,901 for the
population at risk from 2010-2017). The population was used to calculate the
suicide and homicide rates of each county. The dependent variable of interest in
this study was the Lethal Violence Rate (LVR). This rate was calculated from the
cumulative suicide rate (SR) and homicide rate (HR). The cumulative of both
suicide and homicide rates was used as they had the same total population at
risk.
𝑆𝑆𝑆𝑆 = (𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)/Σ(𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑎𝑎𝑎𝑎 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑒𝑒𝑒𝑒𝑒𝑒ℎ 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦)

𝐻𝐻𝐻𝐻 = (𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻)/Σ(𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑎𝑎𝑎𝑎 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑒𝑒𝑒𝑒𝑒𝑒ℎ 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦)
𝐿𝐿𝐿𝐿𝐿𝐿 = 𝑆𝑆𝑆𝑆 + 𝐻𝐻𝐻𝐻
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Data Set Development
Risk factor data were collected from various open-source data sets. Many
of the data sets were accessed through County Health Rankings, a collection of
data from various data sources, which impacts health outcomes. Sources of the
dataset that were not procured through County Health Rankings were extracted
from the Census Bureau, NCHS though CDC WONDER, the Census Bureau
estimates and other federal government data sets, and United States
Department of Agriculture were accessed through American Fact Finder. Risk
factors of interest included measures of social and economic deprivation (refer to
Appendix A for a list of all variables), their sources, the year of availability, and
definition. Data for almost all risk factors included the baseline year 2010, and for
variables that were calculated as an average over time, when possible, the first
year of the average years was 2010.
The NCHS dose not release numbers of events less than 10 in opensource data sets; therefore, for counties with less than 10 lethal violence deaths
for the time frame of the study were excluded from the study. On maps or tables
these numbers are displayed as suppressed values. Variables with over 35%
missingness were excluded from the final model.
Variable Selection
Variables representing social and economic structures in a community that
have been shown to impact lethal violence as well as risk factors of interest were
included. A set of control risk factors that measured income (income inequality
12

and median household income), education (high school graduation), race (racial
representation), age (age dependency ratio), and geography (rural urban
continuum) (Congdon, 2011; Jones-Webb & Wall, 2008; Light & Ulmer, 2016;
Pampel & Williamson, 2001; Wu, 2003),. These proxy variables were selected
from the available open-source data. Income inequality is defined as the ratio of
the income in the 20th percentile by the ratio of income in the 80th percentile as
defined by County Health Rankings. Four variables that have been shown to
impact lethal violence and are topics of interest were also selected to examine
their impact on lethal violence in a community when controlling for social and
economic risk factors. These variables were the percentage of children living in a
single-parent household, the percentage of housing structures with severe
housing problems, the percentage of teens 16-19 years who neither have a job
nor are in school, and the percentage of the population who are classified as a
veteran (Amato & Patterson, 2017; Congdon, 2011; Phillips & Nugent, 2014;
Reger et al., 2018; Zhang, McKeown, Hussey, Thompson, & Woods, 2005).
Table 1. Definition of variables selected
Variable

Data Source

Variable Definition

Lethal
Violence
Disconnected
youth

CDC WONDER

Veteran Status

American Fact
Finder

Suicide and homicide
counts
The percentage of
teens 16-19 years who
neither have a job nor
are in school
The percentage of the
civilian population who
are classified as a
veteran

Measure of
America
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Supporting
Studies

(Phillips &
Nugent, 2014;
Zhang et al.,
2005)
(Reger et al.,
2018)

Children in
Single-parent
Households
Severe
Housing
Problems

American
Community
Survey
County Health
Rankings

Urban/Rural

United States
Department of
Agriculture

Income
inequality

American
Community
Survey

Age
Dependency
Ratio

2010 Census

Racial
representation

American
Community
Survey

Education

American Fact
Finder

Median
Household
income

Small area
income and
Poverty
Estimates

Percentage of children
living in a single-parent
household
The percentage of
housing structures with
severe housing
problems
Calculated by
population size, degree
of urbanization, and
adjacency to a metro
area
The ratio of the income
in the 20th percentile by
the ratio of income in
the 80th percentile
The ratio of individuals
aged under 18 and over
65 compared to
individuals 19-64
A calculated measure
that represents the
percentage of whites or
non-whites that would
need to move to
represent the
distribution of the larger
area. 0 represents
complete integration to
100 represents
complete segregation.
The percent of High
School Graduates (or
equivalent)
Calculated by reported
income

(Amato &
Patterson,
2017)
(Congdon,
2011)

(Congdon,
2011)

(Pampel &
Williamson,
2001)
(Wu, 2003)

(Light & Ulmer,
2016)

(Balint, Osvath,
Rihmer, &
Dome, 2016)
(Jones-Webb &
Wall, 2008)

Data Analysis
For this ecological study, descriptive statistics of the study population were
calculated using means and standard deviations for continuous variables.
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Quartiles were identified for the continuous variables and the continuous
variables were converted into categorical variables. Trend lines were created for
the primary risk factors and the outcome of violent deaths (as well as homicides
and suicides) when yearly data is available. Estimated unadjusted and adjusted
incidence ratios and their associated 95% confidence intervals examining lethal
violence risk factors were conducted using a negative binomial regression model
(NB) for the categorical variables. NB was used due to concerns of over
dispersion when using Poisson modeling. Adjusted incident ratios were
calculated for the continuous risk factors of interest to examine the incident ratio
for the continuous data to the categorical data. All analyses were conducted
using SAS 9.4 (SAS Institute Inc. Cary, North Carolina).
Lethal violence rates, percent of veterans, and percent of children living in
single-parent households were mapped using Arc GIS. SaTScan was used to
analyze statically significant clusters of high and low rates using a Poisson
distribution. SaTScan identifies clusters using the geographical center of a
county as a grid point. The program then scans the counties as a polygon to
identify geographical clusters that would not occur under a null hypothesis, that
the observations follow a homogeneous spatial Poisson distribution with
consistently throughout the study area. These clusters were overlayed over each
of these maps to examine the geographical relationship of these variables to
lethal violence.
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CHAPTER 4
RESULTS
Of the 3,146 counties in the U.S. during the study period, 2,751 had more
than 10 deaths from lethal violence (395 counties were excluded due to small
numbers). There was an overall average of 171.63 lethal violence deaths from
2010-2017 in the 2,751 counties, with 1,170 counties that were defined as urban
by a Rural-Urban Continuum Code (RUCC) of 1-3. In 97% of urban counties with
more than 10 deaths, the average number of lethal violence deaths was 346
deaths, while the 82% of the 1,976 rural counties with more than 10 lethal
violence deaths had an average of 48.58 deaths.
Table 2 shows the means and ranges of the variables of interest in this
study. There were 10 or more suicides in 2653 counties, almost double the
number of counties with 10 or more homicides, 1378. The average percent
veteran was 10.21 in counties with a range of 0-26.31. The average percent of
children living in a single-parent household was 32.47 in counties with a range of
0-100. The average percent of houses with severe problems in a US county was
14.44 with a range of 3-60. The average percent of 16-19 year olds who were
neither in school or had a job in a US county was 18.63 with a range from 0-84.
Table 3 reports the Negative binomial model of the control variables. Of
the control variables; all quartiles of average income and racial representation
were protective ([0.98 (0.95, 1.01), 0.93 (0.90, 0.95), 0.96 (0.93, 1.00)] and [0.87
(0.84, 0.90), 0.80 (0.77, 0.83), 0.73 (0.70, 0.76)] respectively) from the risk of
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incidence of lethal violence, with at least one quartile being significantly
protective; where income inequality, high school graduation, and age
dependency increased risk of incidence of lethal violence ([1.02 (0.99, 1.05), 1.08
(1.04, 1.11), 1.04 (1.00, 1.08)], [1.09 (1.06, 1.13), 1.06 (1.02, 1.10), 1.02 (0.98,
1.06)], and [1.02 (0.99, 1.05), 1.04 (1.01, 1.08), 1.08 (1.04, 1.12)] respectively)
with at least one quartile significantly increasing risk of incidence.
Figures 2 to 4 show the trends over time of lethal violence, rate of
veterans, and disconnected youth. The rate of lethal violence increased over this
time period (17.7 per 100,000 to 20.5 per 100,000). Both incidence of suicide and
homicide are also increasing during this time period (12.4 per 100,000 to 14.5
per 100,000 and 5.3 per 100,000 to 6.0 per 100,000 respectively).During this
time period both the rate of veterans (9067.0 per 100,000 to 7251.5 per 100,000)
and the percentage of disconnected youth (8.8% to 6.7%) decreased.
Of the continuous variables of interest (percent veteran, percent of
disconnected youth, percent of houses with severe problems, and percent of
children living in single-parent households) all had increased risk of incidence of
lethal violence [1.03 (1.03, 1.03), 1.02 (1.02, 1.02), 1.00 (1.00, 1.00) and
1.01(1.01, 1.01) respectively] when holding all other variables constant. In the
negative binomial models.
In the Negative binomial models looking at the quartiles of the variables of
interest (tables 4 to 7), a dose response relationship is seen in percent veteran,
disconnected youth, and a small dose response seen in percent of children living
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in a single-parent household. An increase in children in single-parent household
in a county slightly increases risk of lethal violence 1.01 in comparison with the
baseline rate. This risk of lethal violence increases as you examine the quartiles
of percent of children living in a single-parent household. When compared to
counties with less than 26% of children living in single-parent households, the
risk of lethal violence for counties with 26%-<32% of children living in singleparent households was 1.07 times higher than the lowest group whereas in
counties with 38% or more children living in single-parent households the risk of
lethal violence is 1.20 times higher than the comparison population.
Geographically this risk difference is shown when examining clusters of high
rates of lethal violence to counties with a higher percentage of children living in a
single-parent household.
Similar to the rate of veterans the percent of disconnected youth (teens
16-19 who are neither in school or have a job) has been on the decline since
2010 (8.8%) to 2017 (6.7%). In counties with higher percentages of disconnected
youth have increased risk of lethal violence 1.02. There is strong evidence there
is a dose response relationship with the percent of disconnected youth and the
risk of lethal violence when examining disconnected youth quartiles on a county
level (Table 5).
Severe housing problems in a community does not increase the risk of
lethal violence 1.00. A risk of lethal violence is slightly increased when severe
housing problems is examined in its quartiles. When compared to counties with
less than 11% of houses with severe problems, lethal violence risk increases in
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counties with 11-14% of houses with severe problems to 1.03 times. The risk of
lethal violence in counties with greater than 17% of houses with a severe
problem is 1.06 times higher.
Figure 5-7 display the clusters of high and low rates of lethal violence
throughout the country. There are more clusters of high rates of lethal violence in
the southern and western counties, with more clusters of low rates in the
northern Midwest region. Cluster sizes are dependent on the rates in counties
contiguous to one another. The SATScan program starts at the center of a
county; if that county has an incidence rate higher or lower than expected with a
5% significance level it is counted as a cluster. This incidence rate is compared
incidence rate with its contiguous counties, counties with incidence rates that are
higher or lower than expected it is included in the cluster. Given this method
clusters may vary in size depending on the rates in contiguous counties and may
include a cluster inside of another.
There are also several counties with suppressed numbers in a
geographically similar line from the Dakotas to Texas. With the clusters of higher
rates of lethal violence occurring more often in Southern counties of the US,
more counties in the Southern US having higher percentages of children living in
single-parent households. Similarly, there are higher percentages of veterans in
the civilian populations in western counties, reflective of the clusters of high rates
of lethal violence.
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Tables 8 shows the means of the variables of interest for excluded
counties and the included counties. The biggest difference between the included
and excluded counties are population size. The included counties average
population size is 918543.7 compared to 31871.16 of the excluded counties.
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CHAPTER 5
IMPLICATIONS FOR PUBLIC HEALTH
The rate of lethal violence has been on the rise throughout the time period of the
study. The rate of lethal violence among the population in the United States in
2010 was 17.6 per 100,000, while the rate in 2017 was 20.4 per 100,000.
Alternatively, the rate of veterans among civilian population has been on the
decline, going from 9,067 per 100,000 civilian population in 2010 to 7,251.5 per
100,000 civilian population in 2017. The model examining veteran status, when
holding all other variables constant, show that increased rate of veterans in the
civilian population increases risk of lethal violence in a county 1.03 times. This
relationship increases, when controlling for all other variables, in a dose
response relationship as seen in table 4. Counties with higher percentages of
veterans in the civilian population tend to be found in clusters of high rates of
lethal violence.
This study reflects previous studies on lethal violence in veteran
populations, which show suicide rates are higher among veteran populations
(Kaplan, McFarland, Huguet, & Valenstein, 2012; Reger et al., 2018; Xenakis,
2016). Suicide rates among the veterans and active military members have been
increasing (Reger et al., 2018). As seen in (figure 3) the percent of the general
population has decreased, while the rate of lethal violence have increased. In
communities with higher percentages of veterans the risk of lethal violence
increases as seen in table (table 4). Most studies only address the impact of
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suicide among veterans, Xenakis et al. finds that the practices of the military of
conducting violent missions leaves a lasting impression on service members
when they come home that increases the occurrence of violence at home
(Xenakis, 2016).
With nearly 40% of children living in single-parent households a county’s
risk of lethal violence increases 20% comparatively to the lowest quartile of
children living in a single-parent household. This relationship is particularly
prominent in geographically southern counties when you look at the distribution
of the percent of children living in a single-parent household with an overlay of
the significant clusters of high rates of lethal violence. Other researchers
examining stream analogy of lethal violence included children in single-parent
households as measures social deprivation, also found this relationship that the
increased percentage of children living in single-parent households increased the
risk of lethal violence (Unnithan NP, 1994; Wu, 2003).
Disconnected youth, who are not employed and not in school, make up an
average of 18.63 of the population of individuals 16-19 in counties in the United
States. An increased in disconnected youth increased the risk of lethal violence.
This reflects studies both looking at homicides and suicides among the youth as
well as studies looking at the relationship between connectedness and suicide.
When discussing preventing violent behaviors in youth, researchers suggest that
focusing on building mental and emotional maturity in classrooms and improving
social connectedness though jobs and school improve self-esteem and reduce
violence (A. Ali & K. Gibson, 2019). Further studies have found a link between
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suicide and unemployment in different age groups, Blakely found a link between
unemployment and individuals 18-24 years in a cohort study (Blakely, Collings, &
Atkinson, 2003). Ali and Gibson found that young people are more suicidal when
they are lonely or socially disconnected (Aamina Ali & Kerry Gibson, 2019).
Severe housing problems was a significant risk factors in lethal violence
outcomes. The presence of severe housing problems regardless of the level
increased the risk of lethal violence. This risk increases when the percent of
houses with severe problems is greater than 17%. Severe housing problems in
this study is a measure of economic deprivation of a community that is a
constraint of the stream analogy theory (Unnithan NP, 1994; Wu, 2003). Several
studies looking at violence and mortality in communities suggest that providing
improvement in housing, or improving the neighborhood decrease violence
(Jacob, Ludwig, & Miller, 2013; O'Brien, Farrell, & Welsh, 2019; Stack et al.,
2016b).
Both with severe housing problems and children in single-parent
households had a relationship with racial representation. Unlike the veteran and
disconnected youth models, where racial representation remained consistent
across each of the quartiles of the primary risk factor, for both single-parent
household and severe housing problem, at the highest quartile racial
representation went from being significantly protective to a risk (significantly for
severe housing problems and the highest quartile of racial representation).
Limitations
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This study has several limitations. The primary limitation of this study is
the exclusion of counties with less than 10 lethal violence deaths. Three hundred
ninety-five counties were excluded. These counties were not excluded at random
and have a smaller population than the counties that were included, this
exclusion factor may skew the risk.
As in other ecological studies, this study has limitations when the results
are interpreted on an individual level. A common issue in ecological studies is
ecological fallacy meaning the results obtained on an aggregate level cannot be
interpreted on an individual level. One major limitation of this study is using the
composite rate which could cause cross level bias as a result of the larger
number of suicides that occur compared to homicides. Cross level bias occurs
due to aggregation bias that occurs when grouping individuals. Specification bias
may occur in this study as a result of either risk factors being differently
distributed in the group (county) or the disease occurrence is affected by some
property of the group (Morgenstern, 1982). Another limitation will be confounder
selection. Confounders were selected based on other studies as well as the type
of data available that best matched the known confounders. If the wrong proxy
for the confounder was selected there would be misspecification bias as well as a
lack of adequate data issue (Morgenstern, 1995). This could also occur if
interactions between confounders are not considered. Further issues with the
data set include temporal ambiguity. Temporal ambiguity will occur because it is
not possible to specify the time between a triggering event and an event of lethal
violence. For this study more than one risk factor can occur but it won’t be
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possible to identify the order in which they occur in the events that lead to death
or if all risk factors are important.
With lethal violence being comprised of both homicides and suicides the
large difference in numbers between the two manners may skew the significance
of different risk factors. There were enough suicides to report a number in almost
twice the number of counties than homicides. This difference could indicate that
the risk factors for suicide over shadow the risk factors of homicide.
Along with the issue of potential bias as a result of a higher number of
suicides to homicides there are well-documented differences between genders
with higher numbers of suicides and homicides among males, which may cause
some effect modification. In some suicides studies, authors even indicate that
more focus be paid to gender specific risk factors to identify risk factors that differ
(Zhang et al., 2005).
Due to the nature of the data available, a different age variable to better
display the breakdown of age in each county. Other studies of stream analogy
include variables of relationship status in a community, some include divorce
rates or divorced in the last 12 months (Balint et al., 2016; Fowler, Jack, Lyons,
Betz, & Petrosky, 2018; Wu, 2003). Several researchers examine the impact of
culture on lethal violence, other measures for a person’s culture such a
geographical region or another measure for race or immigration status (Light &
Ulmer, 2016; Rezaeian, 2011; Wu, 2003). Other researchers, however, consider
different measures of social or economic deprivation. The methods of the data
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collected for this study limits the ability to look at measures of social or economic
deprivation, though the including infant mortality rates, the number of social
organizations, types of industry, or unemployment may answer some of these
questions about social or economic deprivation. Not addressing time beyond
examining the trend graphs reduces the ability to understand secular trends. The
exclusion of time also may add some additional unknown risk factors around
major events such as school shootings, mass disasters, national, state, or local
events, etc.
Strengths
This study is novel in its approach to look at community level risk factors
that could assist public health researchers know how to address the rising levels
of lethal violence. The combination of open source data sets allows the
researchers to observe the on an ecological scale the risk of incidence of lethal
violence with community level risk factors. Finding one data set with all these risk
factors on such a large scale. Not a lot of large ecological studies uses more than
a couple data sources, while with this study no more than three variables came
from more than one data set. The majority of data sets came from a couple data
sources such as the American Community Survey and the US Census Bureau.
Using multiple data sets to measure several risk factors helps reduce the impact
of the unknown confounders on an ecological scale. The size of the data set with
the inclusion of all counties in the United States yielded more precise findings
along with the combined data set helped control for potential confounders not
specified on an ecological scale.
26

Most studies looking at suicide and homicides are primarily on the
individual level, while violence prevention should be done on all levels of the
social ecological model. Policies to offer assistance to address the primary risk
factors of interest, would in theory reduce lethal violence in a community.
Understanding how on an ecological scale known social risk factors impact the
risk of lethal violence will help with community level interventions. Further studies
need to be done on a multilevel to better understand these relationships.
Understanding how both community and individual level risk factors impact one’s
risk of acting out with lethal violence would better improve prevention and
intervention strategies. Other risk factors that would be shape these findings is
the inclusion of community level events such as disasters, policy change, the
death of a prominent figure to the community and other community catalysts.
Furthermore the inclusion of newer theories such as the perfect storm theory and
disaster response should be included when looking at both lethal violence as well
as homicides and suicides particularly when considering the current geopolitical
climate with a pandemic, increasing natural disasters, and social justice reforms.
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APPENDIX X
Table 2. Demographics of the Continuous Variables Related To the Risk of
Lethal Violence in All US Counties From 2010-2017.
No.
Variable
Mean
Range
Counties
Population
3146
807,216
714 – 80,275,937
Lethal Violence Deaths (n)
2751
172
10 - 11253
Homicides (n)
1378
94
10 - 5019
Suicides (n)
2653
127
10 - 6511
Veteran (%)
3142
10.21
0 - 26.31
Children in a single-parent
3136
32.47
0 - 100
Household (%)
Disconnected Youth (%)
2065
18.63
0 - 84
Severe Housing Problems (%)
3139
14.44
3 - 60
22235.57 Income Average (n)
3138
46160.31
122623.43
Racial representation *
2778
31.31
0 - 89
Income inequality**
3137
4.51
2.6 - 10.7
High School Graduation (25
3142
84.98
46.7 - 98.7
yrs old and older) (%)
Age dependency ratio ***
3141
66.25
18.7 - 131.4
*Racial representation is the percent of whites and non-whites that would need to
move to represent the distribution of the larger area as defined in table 1.
** Income inequality is the ratio of the income in the 20th percentile by the ratio of
income in the 80th percentile
*** Age Dependency Ratio is the ratio of individuals aged under 18 and over 65
compared to individuals 19-64
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Table 3. Relative Risk of Lethal Violence for the Control Variables using a
Negative binomial model
No. of
IRR (95% CI)
P-value
Variable
Counties
Income Inequality
<4
656
Ref
4-<4.4
728
1.02 (0.99, 1.05)
0.24
4.4-<4.9
744
1.08 (1.04, 1.11)
<0.001
4.9 or more
620
1.04 (1.00, 1.08)
<0.001
Racial representation **
<22%
644
Ref
22%-<31%
710
0.98 (0.95, 1.01)
0.42
31%-<40%
674
0.93 (0.90, 0.95)
<0.001
40% or more
631
0.96 (0.93, 1.00)
0.51
Average Income
<38415.71
708
Ref
38415.72-44326.07
678
0.87 (0.84, 0.90)
<0.001
44326.08-51592
665
0.80 (0.77, 0.83)
<0.001
>51592
697
0.73 (0.70, 0.76)
<0.001
High School Graduates
<80.7%
705
Ref
80.7%-86.3%
772
1.09 (1.06, 1.13)
0.12
86.4%-90.1%
688
1.06 (1.02, 1.10)
0.28
>90.1%
636
1.02 (0.98, 1.06)
0.004
Age Dependency***
<60.3
750
Ref
60.3-65.9
771
1.02 (0.99, 1.05)
0.85
66-72
714
1.04 (1.01, 1.08)
0.29
>72
515
1.08 (1.04, 1.12)
0.07
RUCC Designation
Rural
1139
Ref
Urban
1612
1.01 (0.99, 1.04)
0.13
*Racial representation is the percent of whites and non-whites that would need to
move to represent the distribution of the larger area as defined in table 1.
** Income inequality is the ratio of the income in the 20th percentile by the ratio of
income in the 80th percentile
*** Age Dependency Ratio is the ratio of individuals aged under 18 and over 65
compared to individuals 19-64
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Figure 2. The Rate of Lethal Violence per 100,000 from 2010-2017
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Figure 2.a The Rate of Lethal Violence and the Manners of Death that Lethal
Violence are comprised of per 100,000 from 2010-2017

Lethal Violence Rate Per 100,000 in the United States
21
19

Rate per 100,000

17
15
13
11
9
7
5
2010

2011

2012

2013

2014

2015

2016

Year
Lethal Violence Rate

Homicide Rate

33

Suicide Rate

2017

Figure 3. The rate of veterans per 100,000 civilian population from 2010-2017
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Figure 4. Percentage of Teens 16-19 who neither have a job nor are in school
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Table 4. A Counties Relative Risk of Lethal Violence by Percent Veteran using a
Negative binomial model when Controlling for Known Risk Factors, 2010-2017
Variable
IRR (95% CI)
P-value
Percent Veterans
<8.6%
Ref
8.6%-10.0%
1.09 (1.06, 1.12)
<0.001
10.0%-11.5%
1.136 (1.10, 1.17)
<0.001
>11.5%
1.28 (1.24, 1.32)
<0.001
Income Inequality*
<4
Ref
4-<4.4
1.02 (0.99, 1.05)
0.24
4.4-<4.9
1.10 (1.06, 1.13)
<0.001
4.9 or more
1.10 (1.07, 1.14)
<0.001
Racial representation **
<22%
Ref
22%-<31%
0.99 (0.96, 1.02)
0.42
31%-<40%
0.95 (0.92, 0.98)
0.0004
40% or more
0.99 (0.96, 1.02)
0.51
Average Income
<38415.71
Ref
38415.72-44326.07
0.87 (0.84, 0.90)
<0.001
44326.08-51592
0.83 (0.80, 0.86)
<0.001
>51592
0.77 (0.74, 0.81)
<0.001
High School Graduates
<80.7%
Ref
80.7%-86.3%
1.03 (0.99, 1.06)
0.12
86.4%-90.1%
0.98 (0.94, 1.02)
0.28
>90.1%
0.94 (0.91, 0.98)
0.004
Age Dependency***
<60.3
Ref
60.3-65.9
1.00 (0.98, 1.03)
0.85
66-72
1.02 (0.99, 1.05)
0.29
>72
1.03 (1.00, 1.07)
0.07
RUCC Designation
Rural
Ref
Urban
1.02 (0.99, 1.04)
0.13
th
* Income inequality is the ratio of the income in the 20 percentile by the ratio of
income in the 80th percentile
**Racial representation is the percent of whites and non-whites that would need
to move to represent the distribution of the larger area as defined in table 1.
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*** Age Dependency Ratio is the ratio of individuals aged under 18 and over 65
compared to individuals 19-64

Table 5, A Counties Relative Risk of Lethal Violence by Percent Disconnected
Youth using a Negative binomial model when Controlling for Known Risk Factors,
2010-2017
Variable
IRR (95% CI)
P-value
Disconnected Youth
<13%
Ref
13%-17%
1.19 (1.15, 1.23)
<0.001
17%-23%
1.23 (1.18, 1.27)
<0.001
>23%
1.34 (1.28, 1.40)
<0.001
Income Inequality*
<4
Ref
4-<4.4
1.02 (0.99, 1.06)
0.19
4.4-<4.9
1.08 (1.04, 1.11)
<0.001
4.9 or more
1.05 (1.01, 1.09)
0.02
Racial representation **
<22%
Ref
22%-<31%
1.02 (0.99, 1.06)
0.24
31%-<40%
0.98 (0.94, 1.01)
0.15
40% or more
1.01 (0.97, 1.04)
0.73
Average Income
<38415.71
Ref
38415.72-44326.07
0.88 (0.85, 0.92)
<0.001
44326.08-51592
0.85 (0.80, 0.88)
<0.001
>51592
0.77 (0.72, 0.80)
<0.001
High School Graduates
<80.7%
Ref
80.7%-86.3%
1.13 (1.09, 1.17)
<0.001
86.4%-90.1%
1.13 (1.08, 1.17)
<0.001
>90.1%
1.14 (1.09, 1.20)
<0.001
Age Dependency***
<60.3
Ref
60.3-65.9
1.01 (0.98, 1.04)
0.66
66-72
1.03 (0.99, 1.06)
0.13
>72
1.06(1.01, 1.10)
0.01
RUCC Designation
Rural
Ref
Urban
0.98 (0.95, 1.01)
0.16
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* Income inequality is the ratio of the income in the 20th percentile by the ratio of
income in the 80th percentile
**Racial representation is the percent of whites and non-whites that would need
to move to represent the distribution of the larger area as defined in table 1.
*** Age Dependency Ratio is the ratio of individuals aged under 18 and over 65
compared to individuals 19-64

Table 6, A Counties Relative Risk of Lethal Violence by Percent of Houses with
Severe Housing Problems using a Negative binomial model when Controlling for
Known Risk Factors, 2010-2017
Variable
IRR (95% CI)
P-value
Severe Housing Problems
<11%
Ref
11%-14%
1.03 (1.00, 1.07)
0.04
14%-17%
1.04 (1.00, 1.07)
0.03
>17%
1.06 (1.02, 1.10)
0.003
Income Inequality*
<4
Ref
4-<4.4
1.01 (0.98, 1.05)
0.39
4.4-<4.9
1.07 (1.03, 1.10)
<0.001
4.9 or more
1.03 (0.99, 1.07)
0.20
Racial representation **
<22%
Ref
22%-<31%
0.98 (0.95, 1.01)
0.17
31%-<40%
0.92 (0.90, 0.95)
<0.001
40% or more
0.97 (0.93, 1.00)
0.03
Average Income
<38415.71
Ref
38415.72-44326.07
0.87 (0.84, 0.90)
<0.001
44326.08-51592
0.80 (0.77, 0.83)
<0.001
>51592
0.73 (0.70, 0.76)
<0.001
High School Graduates
<80.7%
Ref
80.7%-86.3%
1.09 (1.06, 1.13)
<0.001
86.4%-90.1%
1.06 (1.02, 1.10)
0.002
>90.1%
1.02 (0.98, 1.06)
0.29
Age Dependency***
<60.3
Ref
60.3-65.9
1.03 (1.00, 1.06)
0.05
66-72
1.05 (1.02, 1.08)
0.003
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>72
1.09 (1.05, 1.13)
<0.001
RUCC Designation
Rural
Ref
Urban
1.02 (0.99, 1.04)
0.16
* Income inequality is the ratio of the income in the 20th percentile by the ratio of
income in the 80th percentile
**Racial representation is the percent of whites and non-whites that would need
to move to represent the distribution of the larger area as defined in table 1.
*** Age Dependency Ratio is the ratio of individuals aged under 18 and over 65
compared to individuals 19-64

Table 7, A Counties Relative Risk of Lethal Violence by Percent of Children
Living in a Single-parent Household using a Negative binomial model when
Controlling for Known Risk Factors, 2010-2017
Variable
IRR (95% CI)
P-value
Children in Single-parent
Households
<26%
Ref
26%-32%
1.07 (1.04, 1.10715)
<0.001
32%-38%
1.11 (1.07, 1.14)
<0.001
<38%
1.20 (1.15, 1.24)
<0.001
Income Inequality*
<4
Ref
4-<4.4
1.01 (0.98, 1.04)
0.69
4.4-<4.9
1.05 (1.02, 1.08)
0.003
4.9 or more
0.99 (0.95, 1.03)
0.64
Racial representation **
<22%
Ref
22%-<31%
0.98 (0.94, 1.00)
0.09
31%-<40%
0.92 (0.89, 0.95)
<0.001
40% or more
0.95 (0.92, 0.98)
<0.001
Average Income
<38415.71
Ref
38415.72-44326.07
0.88 (0.85, 0.91)
<0.001
44326.08-51592
0.82 (0.79, 0.85)
<0.001
>51592
0.77 (0.73, 0.81)
<0.001
High School Graduates
<80.7%
Ref
80.7%-86.3%
1.10 (1.06, 1.13)
<0.001
86.4%-90.1%
1.07 (1.03, 1.11)
<0.001
38

>90.1%
1.05 (1.01, 1.09)
0.02
Age Dependency***
<60.3
Ref
60.3-65.9
1.03 (1.00, 1.06)
0.04
66-72
1.05 (1.02, 1.09)
<0.001
>72
1.10 (1.06, 1.14)
<0.001
RUCC Designation
Rural
Ref
Urban
1.03 (1.00, 1.05)
0.04
th
* Income inequality is the ratio of the income in the 20 percentile by the ratio of
income in the 80th percentile
**Racial representation is the percent of whites and non-whites that would need
to move to represent the distribution of the larger area as defined in table 1.
*** Age Dependency Ratio is the ratio of individuals aged under 18 and over 65
compared to individuals 19-64

Table 8, The County Demographics of the Excluded and Included Counties
Mean of Excluded Mean of Include
Variable
Counties
Counties
Population (n)
31871.16
918543.7
Veteran (%)
10.21
10.21
Children in a single-parent House
26.12
33.36
hold (%)
Disconnected Youth (%)
21.89
18.57
Severe Housing Problems (%)
11.16
14.90
Income Average (n)
45224.17
46293.17
Racial representation *
23.89
31.64
Income inequality**
4.32
4.54
High School Graduation (25 yrs old
86.05
84.83
and older) (%)
75.54
64.93
Age dependency ratio***
*Racial representation is the percent of whites and non-whites that would need to
move to represent the distribution of the larger area as defined in table 1.
** Income inequality is the ratio of the income in the 20th percentile by the ratio of
income in the 80th percentile
*** Age Dependency Ratio is the ratio of individuals aged under 18 and over 65
compared to individuals 19-64
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Figure 5. Map of high and low clusters of lethal violence, 2010-2017

40

Figure 6. Map of the Percentage of Children Living in a Single-parent Household
from 2010-2017 with an Overlay Statistically Significant Clusters of High and Low
Rates of Lethal Violence
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Figure 7. Map of the Percentage of Veterans from 2010-2017 with an Overlay
Statistically Significant Clusters of High and Low Rates of Lethal Violence
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